Botulinum toxin is considered as an effective treatment for spasticity in children with cerebral palsy (CP). However, there are only a few long-term studies, and the effects on motor function have been inconclusive. Moreover, due to its high cost and need for intensive post-injection therapy, utility in context of developing nations has not been established. This retrospective study was undertaken to assess the long term effects of botulinum toxin-A with physical therapy in children with CP.
classified physiologically on the basis of predominant tone into spastic, choreoathetoid and ataxic types, with spastic type being the most common accounting for 80 per cent of the cases. Spastic CP is further classified based on the topography, i.e. hemiplegia, quadriplegia, etc 3 .
A multidisciplinary team is required for the management of CP and its associated problems though physiotherapy remains the mainstay of management in young children with CP 3 . For controlling spasticity, several pharmacological and surgical treatments are available including oral medications such as baclofen, diazepam, tizanidine and dantrolene; neuromuscular-blocking agents such as botulinum toxins A and B; chemical denervation using phenol injections; selective dorsal rhizotomy and intrathecal baclofen 3 . However, the treatment is complex and there is no standardized approach, and often, the outcomes are unsatisfactory.
Botulinum toxin-A was introduced around two decades back for controlling localized/segmental spasticity in children with CP. Since then, several studies have been published on this costly intervention from Western countries, showing variable effects on spasticity reduction and functional improvement 4 . Systematic review of literature has concluded that it results in significant reduction in spasticity scores at two, four weeks and three months after treatment 5 . With respect to the functional outcomes in lower limbs, additional use of botulinum toxin-A with usual therapy or physiotherapy has been shown to have a positive effect on walking at 12 and 24 week. However, studies comparing botulinum toxin-A alone or botulinum toxin-A plus casting versus casting alone have shown no difference between the groups 5, 6 . Regarding upper limbs, systematic review and meta-analysis suggest that botulinum toxin-A when used along with occupational therapy is more effective than occupational therapy alone in reducing impairment, improving activity level outcomes and goal achievement measured at three and six months after injections 7, 8 .
Although botulinum toxin-A has been established as an effective therapy in CP, many questions still need to be answered about this intervention. It has been shown to reduce muscle tone, but the effects on motor function in the lower limbs have been inconclusive 7 . Most trials on the use of botulinum toxin-A in the lower limb have been published with a relatively shorter follow up (maximum of one year). Studies to assess the efficacy of long-term use of botulinum toxin-A in children with CP are very few [9] [10] [11] [12] [13] [14] [15] . Moreover, the feasibility and efficacy of this treatment for children with CP in the developing countries has not been studied; hence, this study was planned to assess the long-term effect of botulinum toxin-A injections with physical therapy in children with CP.
Material & Methods
This retrospective study was conducted (July 2009 -December 2012) at the child development centre of Maulana Azad Medical College and Associated LN Hospital, New Delhi, India. The child development centre is a referral centre for children with developmental and behavioural disorders and has a team of developmental paediatricians, occupational therapists, physiotherapists, speech therapists, special educators and clinical psychologists, to provide comprehensive services to these children. Every year around 800 new cases are being enrolled at this centre, with around 170 patients having CP 16 . Botulinum injections were introduced in the care of children with CP at this centre in the year 2009; however, due to its high cost, supply was limited.
Selection of patients:
A team of two developmental paediatricians and two physio/occupational therapists at child development centre were involved in assessing patients with CP for the selection of patients. The following guidelines were used for selection of cases: (i) presence of spasticity interfering with the functioning of the child, e.g., toe walking, scissoring and crouch gait; (ii) children having reasonably good cognition, so as to actively follow and comply with the physical therapy; (iii) age 2-12 yr; (iv) weight ≥10 kg if child was between 2 and 4 yr of age and ≥14 kg if older; (v) absence of fixed contractures; (vi) power ≥3/5 in the target muscles, by manual muscle charting; and (vii) family willing to visit the centre thrice a week on a long-term basis for regular therapy and periodic assessment and also willing to carry out intensive therapy at home.
Once a child was considered eligible for botulinum injections, he/ she was enrolled for intensive conventional occupational therapy and physiotherapy for a minimum of 1-2 months duration. This was done to see the response to intensive centre-based therapy as well as address the issue of compliance with the intensive therapy regime, which would follow the injections. The study was approved by the Institutional Ethical Committee of Maulana Azad Medical College. Written informed consent was taken from the parents for the treatment.
Pre-injection evaluation:
All the children underwent detailed evaluation before the injections, using various subjective and objective measures by a physio/occupational therapist, and findings were discussed and reconfirmed by the team of physio/occupational therapist(s) and developmental paediatrician. Repeat assessments were done by the physio/occupational therapist at two weeks and 12 wk after injections in all children. Assessment was also repeated at 4-6 months or later for planning next injection. ; (iv) Modified Physician Rating Scale for observation-based gait analysis 20 ; and (v) Range of motion using a goniometer for adductors, hamstrings (popliteal angle) and gastrocnemius (ankle dorsiflexion angle with knee extended) 21 .
Subjective assessment: A detailed subjective assessment was aimed at functional assessment of the child in various developmental positions. The child was asked to assume developmental positions such as cross-legged sitting, long sitting, short sitting, quadruped, kneeling, standing and walking in parallel bar/walking independently. In addition to these, the child was asked to perform various transitions to note his control over body movements. These included rolling, getting up from supine, quadruped to sitting, crawling patterns, getting up from the floor and getting up from chair. In all these static positions and transition patterns, the child's ability to move in and out of the position, control over movement pattern, abnormal positions or patterns acquired by the child, such as log rolling, bunny hopping, W-sitting, sacral sitting, crouch, talipes equinus and genu recurvatum, associated movements and any asymmetrical movements or patterns were noted. Video recording of the functional movement patterns of the child was also done at the time of each assessment and compared to the previous assessments. The information was entered in a pre-designed proforma.
Injection procedure: Botulinum toxin-A (BOTOX, Allergan, USA) injection was used after diluting it to a concentration of 50 units/ml. The injections were administered in a dose of 2-5 U/kg/muscle with a maximum dose of 50 U/muscle and a maximum total dose of 25 U/kg/session (maximum 400 U/session). The dosages depended on the muscle size, functional assessment and individual treatment goals.
The muscles of the lower limbs, namely, gastrocnemius, soleus, medial hamstrings and adductors were mainly targeted. Other muscles occasionally targeted included iliacus, psoas, tibialis anterior and tibialis posterior, lateral hamstrings and rectus femoris. Injections were given using manual method of muscle localization (except for psoas, for which electromyographic guidance was used). Local anaesthesia in the form of Eutectic Mixture of Local Anesthetics (EMLA) was used in a few initial sessions; however, it was stopped later because of suboptimal response. Subsequently, the injections were given under short dissociative anaesthesia using ketamine.
Post-injection therapy:
Immediately, after botulinum toxin-A injections, the injected muscles were stretched to ensure wide dissemination of the injection into the entire muscle belly. This was repeated for next 3-5 days.
After two weeks, Plaster of Paris casting of the lower limb was done if active ankle dorsiflexion was not possible till the neutral position. In general, above knee cast was applied to maintain neutral knee extension with ankle at neutral position, for initial two weeks. Subsequently, serial casting was done with increasing ankle dorsiflexion (5-10° at a time for two weeks), with total duration of cast application being six weeks.
Once the cast was removed, the child was again taken up for regular intensive standardized therapy comprising of stretching, strengthening (especially of the agonist & antagonist muscles and truncal muscles), gait training and balance and coordination training. As the child's status improved or the child achieved a milestone, the therapy was customized to suit the needs of the particular child. The therapy session lasting for 60-90 min each was given thrice a week in the centre. The parents were also trained to administer the same program at home, 2-3 times a day. Orthoses specific to their needs were prescribed to all the children.
Statistical analysis:
The patient information was transferred from the proforma to a Microsoft Excel and analyzed using SPSS version 10 (SPSS Inc., Chicago, IL, USA). For evaluation of the treatment effect, the grades/measurement at 1 st pre-injection assessment and the last measurements, i.e. 12 wk after last injection were compared. Wilcoxon signed-rank test was used for comparing continuous data.
Results
Overall, 29 patients (20 males, 9 females) received botulinum toxin-A injections in the lower limbs over a 42-month period (July 2009 to December 2012). The median age of the patients was 51 months with range of 27 to 84 months. Thirteen patients were diplegic, 10 were quadriplegic, five were triplegic and one was hemiplegic. Two patients had mixed CP, rest all were spastic. Seven patients had epilepsy, four patients had mild mental retardation, 10 had squint and one patient had hearing impairment. The baseline GMFCS level was I in one, II in seven, III in eight, IV in 12 and V in one patient. Table I shows the baseline grade of tone on Modified Ashworth Scale in various muscle groups.
Overall, 69 sessions of injection botulinum toxin-A were held. Twenty two patients had two or more sessions of botulinum toxin-A injections with maximum number of sessions being six for one patient. The median interval between the injection sessions was 7.5 months with a range of 3-24 months. Overall, 42 adductors were injected in 21 patients, 54 medial hamstrings were injected in 27 patients and 57 gastrocnemius and soleus were injected in the 29 patients. Eleven patients received injections in other muscles of the lower limbs on one or more occasions. Eight patients received injections in the upper limbs also (data not shown). The mean dose of botulinum toxin-A injected per session was 17.61±3.81 U/kg. The median interval between the initial and the last assessment (three months after the last dose) was 13 months with range of 3-39 months. The pre-and post-injection Table I . Baseline grade of tone on Modified Ashworth Scale in various muscles injected
Muscles
Modified Ashworth Scale grade, n (%) Table II . The difference in all the measures was highly significant, except for the range of motion at ankle joint. The gain in milestones is given in Table III. Because of long gap between the last few sessions (due to non-availability of botulinum toxin-A on time), eight patients relapsed repeatedly, especially the crouch gait, and were referred for surgery (lengthening of medial hamstrings and/or Achilles tendon) and were excluded from the study after the surgery. Their pre-surgery readings, i.e. 12 wk after the last injection were used for data analysis. Two patients were lost to follow up four months and 6.5 months after first injection, respectively; their only reading available was the first 12-wk assessment.
Side effects in form of fever with upper respiratory tract infection were seen in three children and two children complained of local weakness for few days, due to sudden decrease of tone after the injection. However, side effects were very common (62%) after casting, in the form of intertrigo, ulceration and contact dermatitis; six patients also developed knee joint or ankle joint swelling that resolved after anti-inflammatory drugs.
Discussion
Injections of botulinum toxin-A into the lower limbs of children with CP have been shown to reduce spasticity, but there are very few studies on long-term clinical gains with this approach. Another issue has been that in most of the studies, botulinum toxin-A has been shown to have good results in children with milder disease, i.e. those who were ambulatory with or without assistance, the response in children with much severe disease has not been studied in many studies. Our study showed that repeated multilevel botulinum toxin-A injections in the lower limbs along with comprehensive management, given to an unselected population of children with CP (44.82% children having GMFCS level IV-V), were effective in improving their gross motor skills. There was also a significant improvement in their muscle tone and range of motion. Majority of patients also showed change in their GMFCS level.
Most of the initial studies of botulinum were aimed to assess its short-term effect on spasticity grades, gait and function, typically 4-12 wk after the injections. In a study from The Netherlands, 46 children with spastic diplegia/hemiplegia were randomized to receive either multilevel botulinum injections and comprehensive rehabilitation or usual physiotherapy. Gait and spasticity scores showed a significant improvement at six weeks after injections, but the effect was not sustained at 24 wk. GMFM-66 scores showed a significant improvement in botulinum group at 12 wk which persisted at 24 wk 22, 23 . In a study from Germany, spasticity and GMFM scores were assessed after 4 and 12 wk of botulinum injections in adductors and medial hamstrings. There was a significant reduction in spasticity, without any effect on GMFM scores 24 .
In a crossover trial from Australia, significant improvement in spasticity scores on Modified Ashworth Scale was noted in calf muscles and hip adductors at six-month post-injection; however, there was no significant change in GMFM scores 21 . A controlled study from Egypt, involving 40 children with spastic diplegic CP, demonstrated significant reduction in spasticity and improvement in gait function and range of motion at 4-, 8-and 12-wk post-treatment 25 . Ubhi et al 26 from the UK assessed the effect of botulinum toxin-A injections in a randomized placebo-controlled trial on 40 children with spastic diplegia and hemiplegia. Video gait analysis showed a significant improvement in initial foot contact at six weeks and 12 wk following botulinum injections. The GMFM also showed a significant improvement.
All these trials showed short-term effect of botulinum toxin-A injections on muscle tone. Most of these trials also showed significant functional gains up to 24 wk after the injections. However, as the effect of botulinum toxin is typically known to last for around 12-24 wk, there were concerns regarding its long-term effect and the effect of repeated injections. In a two-year follow up study from Israel
12
, the outcomes of 26 children who received 2-4 sessions of multilevel botulinum toxin-A injections in the lower limbs were prospectively evaluated. The baseline score before the first injection was compared with the score before the last injection. The GMFM score showed a significant improvement from 65.4 to 73.9. There was no significant change in the Ashworth scores, popliteal angle, or ankle dorsiflexion angle. As compared to this study, in the present study, most of the children had change in GMFCS level as well as gain of motor milestones. The better results in the present study, despite including quadriplegic and triplegic children as well, could be because of much rigorous post-botulinum toxin-A therapy including serial casting. Furthermore, in the study from Israel 12 , only gastrocnemius and hamstring muscles were injected unlike the present study where other muscles were also injected, based on clinical assessment.
In a long-term study by Tedroff et al 10 , the longitudinal change in the muscle tone and range of motion following botulinum toxin-A injections in gastrocnemius, hamstrings and adductors was studied in 94 children with different subtypes of CP, with different severity as per GMFCS scale. The median follow up time was one year and six months and median two injections were given to a specific muscle. Short leg casting for three weeks was done in some patients after gastrocnemius injections. Reduction in long-term spasticity was seen in all the muscle groups, maximally in gastrocnemius muscle. The range of motion increased initially, however, after some injections; the angles returned to baseline and then showed a decrease. There was no difference in response depending on the type of CP. Furthermore, casting showed no significant benefits. Functional outcomes, however, were not studied. In the present study, significant reduction of tone was seen in all the muscle groups, similar to the results of Tedroff et al 10 . The range of motion also worsened in gastrocnemius, however, that of hip adductors and hamstrings showed improvement.
Medium long-term functional benefits were also studied by Linder et al 14 in an open-label, prospective study on 25 children who were followed up for one year. There was significant gain in GMFM scores with median gain of six per cent and range of 4-26 per cent; the gains were most clearly evident in children with moderate motor impairment, i.e. GMFCS level III. The range of movement increased after 1 st injection but decreased to baseline at 12 months. The results were better in children with equinus than in adductor spasm. In the present study, there was an almost 40 per cent increase in mean GMFM score, presumably due to longer study duration and intensive therapies.
One-year follow up was also studied in a large multicentre study 'BOTULOSCOPE' 15 from France, involving 282 children, most of whom underwent 2-3 injection procedures during the study period. Eighty five per cent of patients were able to walk with or without aids at the time of inclusion. Forty three per cent of patients had received botulinum toxin-A before this study. Physiotherapy and serial casting as well as orthoses were prescribed as indicated to the cases. The spasticity significantly decreased for the hip, knee and ankle muscles at one and three months but returned to baseline level for the hip muscles at 12 months. The joint range of motion increased for the hip and ankle but not for the knee at 1, 3 and 12 months. The gait also improved as documented by gain of at least 2 points on Physician Rating Scale in 61 per cent of patients. The GMFM score for 'standing' increased from 72 to 78 per cent and for 'walking, running and jumping' from 62 to 68 per cent for the 155 children who were assessed after 12 months. In the present study, almost a similar treatment protocol was followed and the changes in spasticity, joint range of motion and gait were almost similar; however, the change in GMFM score was much more impressive.
The main strength of the present study was the detailed assessment of patients on various parameters and long-term effects of a comprehensive management documenting significant functional gains. The major limitations of this study were a small and heterogeneous profile of patients, lack of a control group and long intervals between the injections due to limited availability of botulinum toxin-A.
In conclusion, botulinum injections showed a promising role in the management of patients with CP. Although high cost is a factor in developing countries, judicious use along with intensive pre-and post-injection therapies and casting can yield good results. This intervention should be made available to a selected population of children with CP, along with intensive post-injection therapies, as this will ultimately reduce the burden of disability in these children.
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